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ANALYSIS METHOD OF IMPURITIES (COLOR CENTERS) IN FLUORIDE 
AND PRODUCTION METHOD OF SINGLE CRYSTAL GROWTH ORIENTED 

MATERIAL 

TECHNICAL FIELD 

The present invention relates to an analysis method 
of impurities (color centers) in fluoride and a production 
method of a single crystal growth oriented material. 

BACKGROUND ART 

Highly integrated semiconductor devices have brought 
about light sources for lithography at shorter wavelengths, 
in a manner to adopt ArF excimer laser (193nm) and F 2 
excimer laser (157nm) . Utilized as an optical material for 
a stepper acting as a photolithography machine in the 
lithography process, is a single crystal of fluoride such 
as calcium fluoride, barium fluoride, magnesium fluoride, 
or the like having a higher transmissivity in a shorter 
wavelength range. In a melt process as a pre-process for 
growth of single crystal of fluoride, powdery raw material 
is melted into a block state, thereby decreasing a volume 
within a crucible occupied by the raw material, so that a 
load amount of raw material required for growth of a large- 
sized single crystal can be ensured. Simultaneously with 
the above, there is loaded a fluorination material called 
"scavenger" in the melt process so as to remove moisture, 
oxides, and the like left in or produced in the raw 
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material, thereby achieving higher purity. 

Although analyses are performed for impurities, a 
residual state of scavenger component, an oxygen 
concentration, and the like as confirmation analyses for 
higher purity, it is difficult to conduct confirmation and 
comparison of the particularly important efficiencies of 
scavengers in terms of an oxygen concentration, such that 
the confirmation of this condition is to be conducted based 
on an optical evaluation of physical properties of a single 
crystal having been already obtained, thereby extremely 
deteriorating an efficiency. 

It is therefore an object of the present invention to 
provide an analysis method of impurities (color centers) in 
fluoride, capable of extremely simply analyzing impurities 
(color centers) in fluoride. 

It is a further object to provide an analysis method 
of impurities (color centers) in fluoride, for enabling 
evaluation of an effect by addition of a scavenger, before 
obtainment of a final single crystal. 

DISCLOSURE OF INVENTION 

The present invention resides in an analysis method 
of impurities (color centers) in fluoride characterized in 
that the method comprises the step of: 

irradiating X-rays to a material comprising fluoride, 
and comparing light transmittances of the material before 
and after the irradiation of X-rays with each other, 
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thereby analyzing impurities (color centers) in the 
material . 

It is characterized in that the fluoride is one of 
calcium fluoride, barium fluoride, and magnesium fluoride. 

It is characterized in that annealing is conducted 
before the X-ray irradiation. The conduction of annealing 
brings captured electrons and the like back to original 
levels, respectively, to resume an initial state. This 
enables estimation of an affection of impurities (color 
centers) only. 

It is characterized in that the annealing is 
conducted at 300 to 500°C. 

It is characterized in that the annealing is 
conducted for 30 minutes to 2 hours. 

It is characterized in that the material has a 
surface which is a mirror ground surface. 

It is characterized in that the irradiation is 
conducted for a period of time of 5 minutes or longer. 

It is characterized in that the X-rays are provided 
at an acceleration voltage of 20kV or higher and an 
electric current of 10mA or more. Adoption of X-rays 
generated at an acceleration voltage of 20kV or higher, 
enables study of an X-ray resistant property with higher 
precision . 

It is characterized in that the X-ray irradiation is 
conducted multiple times. 

It is characterized in that the material is obtained 
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from a melt process as a pre-process for a single crystal 
growth process. 

It is characterized in that the impurities are color 
centers formed by oxides, moisture, and the like. 

It is characterized in that in a melt process as a 
pre-process for a growth process of a single crystal 
comprising fluoride, taking a part out of the fluoride in a 
fused state, and bringing the part into an analysis 
specimen; analyzing impurities (color centers) of the 
analysis specimen by the above analysis method; and 
determining an additive condition of a scavenger based on a 
result of the analysis. 

It is characterized in that the fluoride is barium 
fluoride (BaF 2 ), and the scavenger is lead fluoride (PbF 2 ) . 

(Effect) 

The present invention has found that it is possible 
to determine an optimum scavenger additive condition, based 
on a damage resistance evaluation obtained by irradiating 
X-rays to a fluoride raw material such as calcium fluoride, 
barium fluoride, magnesium fluoride, or the like obtained 
through a melt process as a pre-process for a single 
crystal growth process, and by measuring transmittances of 
the fluoride material before and after the irradiation of 
X-rays . 

X-ray resistant properties are deteriorated, when 
impurities are left in fluoride. X-ray resistant 



- 4 - 



properties can be estimated by conducting X-ray irradiation, 
and by measuring a change between light transmittances 
before and after the X-ray irradiation. 

The change of light transmittance may be evaluated by 
defined by the following equation: 

H(X)=l/ln(T 0 (A.) /Tirr(X) ) 

|a: optical-absorption coefficient 

To: light transmittance before X-ray irradiation 
Ti rr : light transmittance after X-ray irradiation 
X-rays (wavelength: 0.05 to 0.25nm) to be used, may 
be white X-rays or characteristic X-rays. 

Different fluoride materials lead to different types 
of impurities (color centers) which deteriorate X-ray 
resistant properties, respectively. Components of 
scavengers themselves may act as impurities. 

In case of studying as to which scavengers are 
preferable, there is sampled a specimen obtained after 
addition of scavenger and conduction of melting, such that 
the sampled specimen is subjected to irradiation of X-rays 
so as to measure light transmittances before and after the 
irradiation, thereby making it possible to know as to which 
scavengers are preferable. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a graph of change in light transmittance by 
X-ray irradiation to calcium fluoride. 

FIG. 2 is a graph of change in light transmittance by 



- 5 - 



X-ray irradiation to barium fluoride in case of addition of 
scavenger (lead fluoride) . 

FIG. 3 is a graph of change in light transmittance by 
X-ray irradiation to barium fluoride in case of addition of 
scavenger (zinc fluoride) . 

FIG. 4 is a graph of change in light transmittance by 
X-ray irradiation in case of addition of scavenger (carbon 
tetraf luoride) into fluorides (barium fluoride) matured 
from powdery raw materials different in purity. 

FIG. 5 is graph of change in light transmittance by 
X-ray irradiation to fluoride (barium fluoride) in case of 
addition of the various scavengers thereto. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The method is configured to load a powdery fluoride 
raw material developed for lithography, for example, 
calcium fluoride, into a high purity carbon crucible, and 
to melt the raw material in a resistive heating type 
melting furnace which is provided with a high vacuum 
evacuation device and which is capable of controlling an 
ambient atmosphere. High vacuum evacuation is conducted 
after loading the raw material, and heating is started 
after confirming that a degree of vacuum has reached lxlO" 3 
Pa or lower, thereby melting the raw material. It is 
conducted under high vacuum until termination, in case of 
using lead fluoride, zinc fluoride, or the like which is a 
solid scavenger. In turn, CF 4 gas is injected, for example, 
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before melting, in case of using a gaseous scavenger such 
as CF 4 . 

The thus obtained fused transparent and colorless raw 
material is cut into a piece of a predetermined size, and 
subjected to mirror grinding. This sample is further 
subjected to annealing at 400°C for 1 hour (and 2 hours 
each for temperature elevation and drop) , so as to bring 
captured electrons and the like back to original levels, 
respectively, to resume an initial state. 

Next, there is measured an initial transmittance over 
a range of 190 to 800nm by a visible/ultraviolet 
spectroscope. Thereafter, X-rays are irradiated under an 
irradiative condition 1. There is measured a transmittance 
just after the irradiation by the same spectroscope, and 
then X-rays are irradiated under an irradiative condition 2. 
Further, there is measured a transmittance just after the 
irradiation, and then X-rays are irradiated under an 
irradiative condition 3 to thereby measure a transmittance 
again . 

The thus obtained measurement results are assigned to 
the following equation to obtain absorption coefficients 
which are then plotted in graph. 

H(A,)=l/ln(T 0 (X) /Tirr(X) ) 

ja: optical-absorption coefficient 

T 0 : light transmittance before X-ray irradiation 
T irr : light transmittance after X-ray irradiation 
Table 1 shows the X-ray irradiative conditions. 
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(Table 1) 





Voltage/kV 


Current /mA 


Radiation time 


Dl 


25 


15 


lOmin 


D2 


25 


30 


30min 


D3 


25 


40 


30min 



(Embodiment 1) 

There were grown melt samples from a powdery raw 
material of high purity calcium fluoride, under two kinds 
of conditions where PbF2 was adopted as a scavenger and 
where scavengers were not used, respectively. These 
samples were evaluated in X-ray damage. The result is 
given in FIG. 1. This clearly shows that there can be 
obtained a crystal excellent in damage resistance, in case 
of adoption of PbF2 as a scavenger. Without adoption of 
scavengers, there are notably observed an F center (357nm) 
and an F 2 center (550nm) which are color centers specific 
to CaF 2 . 

(Embodiment 2) 

There were grown melt samples from a powdery raw 
material of high purity barium fluoride, while adopting 
PbF 2 as a scavenger. These were obtained under conditions 
that additive concentrations of PbF 2 were 0.5, 1, 2, 3, 4, 
and 5wt.%, respectively. FIG. 2 shows results of 
evaluation in X-ray damage for these samples. In the 
results, there was not seen a tendency of damage resistance 
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depending on an additive concentration. 
(Embodiment 3) 

There were grown melt samples from a powdery raw 
material of high purity barium fluoride, while adopting 
ZnF 2 as a scavenger. These were obtained under conditions 
that additive concentrations of ZnF2 were 0.5, 1, 2, 3, 4, 
and 5wt.%, respectively. FIG. 3 shows results of 
evaluation in X-ray damage for these samples. In the 
results, there was seen a tendency of damage resistance 
depending on an additive concentration. Measurement of 
residual Zn concentrations gave Table 2, so that residue 
thereof was confirmed, and it was confirmed that the same 
largely affected damage resistance. 

(Embodiment 4) 

There were grown melt samples from a powdery raw 
material of high purity barium fluoride and a (B) powdery 
raw material of barium fluoride slightly low in quality, 
while adopting CF 4 as a scavenger. FIG. 4 shows results of 
evaluation in X-ray damage for these samples. This enabled 
confirmation of affection of impurities, based on the 
result that the adoption of high purity barium fluoride 
showed a more excellent damage resistance than the (B) . 

(Embodiment 5) 

As a result of consideration to scavenger conditions 
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of barium fluoride in embodiments 2, 3, and 4, it can be 
confirmed from FIG . 5 that the highest damage resistance is 
obtained in case of adoption of PbF 2 . 



(Table 2) 



Additive 
Concentration 


0 . 5wt . % 
ZnF 2 


lwt.% 
ZnF 2 


2wt.% 
ZnF 2 


3wt.% 
ZnF 2 


4wt.% 
ZnF 2 


5wt . % 
ZnF 2 


Zn 


0.1 


0.4 


0.6 


1.0 


1.2 


0.8 



(ppm) 



INDUSTRIAL APPLICABILITY 

According to the present invention, it becomes 
possible to promptly optimize a melt condition including a 
scavenger additive condition and the like taking account of 
productivity for a fused raw material of fluoride, by 
organically combining impurity analysis, melt program, and 
the like with one another. 
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